Materials
(P)-1 and (M)-2 were synthesized as described in our previous work. to -25 °C, and allowed to settle for 15 min. The solution was heated from -25 °C to 25 °C at the rate of 2 Kmin −1 , and allowed to settle for 120 min for CD analysis (Fig. S1 ). min. The solution was cooled from 70 °C to 25 °C at the rate of 2 Kmin −1 , and allowed to settle for 25 min for CD analysis (Fig. S2) . min, snap cooled at −35 °C by immersing in a cooled bath at -35 °C, transferred to a CD cell adjusted to -25 °C, and allowed to settle for 15 min. The solution was rapidly heated at 25 °C and allowed to settle for 20 min, during which CD spectra were obtained at 20 sec intervals until 5 min and at 5 min intervals between 5 and 20 min (Fig. S3 ).
Fig. S3
(a) CD spectra of 1:1 (P)-1/(M)-2 mixture (total 5.0 × 10 −4 M, fluorobenzene) showing the initial state in the structural changes from random coil A at −25 °C to hetero-double helix C at 25 °C under the freezing-defrosting/rapid conditions. CD spectrum of S-random-coil A was obtained in our previous work.
S2 (b) Extraction and magnification of (a). min providing an S-random-coil solution. The solution was rapidly cooled at 25 °C then allowed to settle for 5 min, during which CD spectra were obtained at 20 sec intervals (Fig. S4 ). showing the initial state in the structural changes from random coil A at 70 °C to hetero-double helix B at 25 °C under the simple-cooling/rapid conditions. CD spectrum of S-random-coil A was obtained in our previous work. S2 (b) Extraction and magnification of (a).
The spectra in Fig. S3 and S4 were very similar during the initial 300 seconds.
S5
<< NMR study >> 30 min, rapidly cooled at 25 °C, allowed to settle for 2 min, and analyzed by NMR (Fig. S5 ). Then, the solution was rapidly heated at 25 °C, and allowed to settle for 5040 min (Fig. 5 , blue circles; 40 °C, and allowed to settle for 50-780 min for CD analysis (Fig. S9) . The lines are drawn between points. or 50 °C and allowed to settle for 40-300 min for CD analysis (Fig. S13) . (2) cooled to from 70 to -25 °C at the constant-rate of 2 Kmin −1 , during which Δε values at 315 nm were followed (Fig. 7) . S13 8. Self-catalysis in the A-to-C reaction < Kinetic analysis > A solution of 1:1 (P)-1/(M)-2 mixture (total 5.0 × 10 −4 M, fluorobenzene) was heated at 70 °C for 30 min, snap cooled at −35 °C by immersing in a cooled bath at -35 °C, transferred to a CD cell adjusted to -25 °C, and allowed to settle for 15 min. The solution was rapidly heated at 5 °C, and allowed to settle for 450 min. The structural change was monitored by the Δε values at 315 nm (Fig. S15 ).
S11

Temperature effect in the A-to-C reaction and A-to-B-to-C reaction
Slightly sigmoidal Δε/time profiles were obtained. min providing a solution of hetero-double helix C (Fig. S16) . Another solution of (P)-1/(M)-2 mixture (total 5.0 × 10 −4 M, fluorobenzene, 0.60 mL) was heated at 70 °C for 20 min providing a solution of Srandom-coil A. The solution of S-random-coil A was cooled at 40 °C for 5 sec, and then was added to the solution of hetero-double helix C in the quartz cell in a ratio of 1:1 (hetero-double helix C:random coil A = 0.60 mL:0.60 mL), and the solution was allowed to settle for 240 min for CD analysis (Fig. S17) .
Experiments in the mixing ratio of 1:2 (hetero-double helix C:random coil A = 0.40 mL:0.80 mL) and 1:3 (hetero-double helix C:random coil A = 0.30 mL:0.90 mL) were also conducted (Fig. S17) . (Fig. S13, red circles) , where the solution of hetero-double helix C is not added.
The lines are drawn between points. The Δε value at equilibrium is shown in a purple line. 
